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THE PRODUCTION AND COLLECTION OF B. COLI 
IN QUANTITY ON SYNTHETIC MEDIA* 

Robert Bengis 

From the Research Laboratory under the Pearson-Dunn Foundation, New York City 

The literature on synthetic media for the cultivation of bacteria 
was consulted with the view of procuring the best means of obtaining 
B. coli in quantity for a careful study of the chemical composition and 
the products of metabolism of this organism. To meet the require- 
ments of the work as desired, the media ultimately selected should give 
a luxurious growth, the bacterial crops should be easily separable from 
the substrate by a simple mechanical operation which would give an 
uncontaminated product, and the medium itself should be in a condition 
that would warrant careful examination for substances occurring 
therein by virtue of the bacterial growth. Such a medium must 
obviously contain known and simple constituents in accurately measured 
quantities and would best be of the consistency of stiff jelly. 

Experimental work on the growth of B. coli with a protein-free medium 
does not appear, as far as the author is aware, before the experiments of 
Galimard and Lacomme. 1 These workers used amido-acids as the source of 
nitrogen and combined these with salts. Their best medium had the following 
composition : leucin 7.5 gm. ; alanin 2 gm. ; tyrosin traces ; glycerin 15 gm. ; 
sodium chlorid 0.5 gm. ; magnesium sulfate 0.05 gm.; calcium glycerophosphate 
0.2 gm. ; and distilled water 1 liter. This medium, which is neutralized with 
sodium carbonate, has no doubt a fixed chemical composition, but it is very 
complex. 

In 1908 Dolt 2 succeeded in growing B. coli in several liquid and solid 
synthetic media. He used mainly asparagin as his amido-compound and 
found that a 1% solution, together with 0.2% of disodium or diammonium 
phosphate, made neutral to phenolphthalein with sodium hydroxid, gave a 
very satisfactory medium for the cultivation of B. coli. For a solid medium 
he added 1.5 % of purified agar. However, in trying to obtain a medium 
which would inhibit the growth of other water organisms, Dolt used ammonium 
lactate, malic acid, and glycerin in place of asparagin, and found that these 
gave better results. Therefore he especially recommended the following for- 
mulas for two media: for the one, purified agar 1.5%, glycerin 1%, and diam- 
monium phosphate 0.2% ; and for the other medium, purified agar 1.5%, ammo- 

* Received for publication November 3, 1915. 

1 Jour, de physiol. et path, gen., 1907, 9, p. 481. 
- Jour. Infect. Dis., 1908, 5, p. 616. 



392 Robert Bengis 

nium lactate 1%, and disodium phosphate 0.2%. Both these media should be 
neutralized with sodium hydroxid and treated with 1% lactose before 
sterilization. 

EXPERIMENTS WITH MEDIA 

These media were tested in this laboratory, various combinations 
of the constituents and of the quantities of each under several condi- 
tions being tried. The following are illustrative of the general results 
obtained, and among them one was sufficiently satisfactory to serve the 
purposes. 

Medium A: Three grams of agar were dissolved in 100 c.c. of distilled 
water. To this were added 1 gm. of glycerin and 0.2 gm. of diammonium 
phosphate. After the solution had been heated for 10 minutes on the water 
bath, 1 gm. of lactose was dissolved in it. 

Medium B : Three grams of agar were dissolved in 100 c.c. of distilled 
water and 1 gm. of ammonium lactate and 0.2 gm. of disodium phosphate 
added. This mixture was heated for 10 minutes as in Medium A and then 
1 gm. of lactose was added. 

Medium C: A solution of 3 gm. of agar, 1 gm. of asparagin, and 0.2 gm. 
of disodium phosphate was prepared. 

Medium D : This was prepared similar to Medium C with the exception 
of a substitution of diammonium phosphate for the sodium salt. 

Medium E: Three grams of agar were dissolved in 100 c.c. of water and 
1 gm. of calcium lactate and 0.2 gm. of diammonium phosphate were added. 

Medium F: Two grams of agar were dissolved in 100 c.c. of water; 2 gm. 
of glucose, 0.1 gm. of diammonium phosphate, 0.5 gm. of magnesium sulfate, 
and 1 gm. of calcium carbonate were added. 

Medium G: A repetition of the preparation of Medium B but without the 
addition of lactose. 

Medium H: Three grams of agar, 1 gm. of Witte's peptone, 0.5 gm. of 
sodium chlorid and 0.5 gm. of meat extract were dissolved in 100 c.c. of water. 

In all these media, purified powdered agar was used. After solu- 
tion had taken place, the mixtures were filtered into incubating flasks, 
in which they were sterilized in a Bramhall-Dean autoclave. Each 
flask was streaked with 2 loops of a 24-hour broth culture of B. coli 
[communis] and incubated at 37 C. Observations were made at the 
end of 24 and 48 hours. 

Dolt's glycerin medium (A) gave only a slight growth, as did also 
the calcium lactate mixture (E). Most of the other protein-free media 
(B, C, D, and F at 24 hr.) gave a medium growth, while the ammonium 
lactate without the lactose addition (G) gave an excellent crop, even 
better than the peptone medium (H). The growth in Medium G was 
examined microscopically as w eu as culturally and found to be pure 
B. coli. 
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The substitution of diammonium, for disodium, phosphate in 
Medium G gave almost the same results. Dolt's glycerin medium 
without lactose gave a good growth but not nearly so abundant as that 
of Medium G. Experiments using ammonium tartrate with disodium 
or diammonium phosphate, and in combination with ammonium lactate, 
gave only fair results in the first two cases and a result equal to that 
from Medium G in the last case. Medium G was therefore selected as 
a proper and most profitable medium for the cultivation of B. coli in 
quantity. 

METHOD OF CULTIVATION AND COLLECTION 

Nicolle and Alilaire 3 have described a pan suitable for growing bac- 
teria in quantity which, after several minor modifications, has been 
adopted for the work of this laboratory. Our pans (manufactured for 
this laboratory by J. Pontius, Geneva, N. Y.) are made of copper, 
tinned on the inside. Their dimensions, selected to suit our sterilizing 
and incubating apparatus, are 36 cm. in length, 28.5 cm. in width, and 
4.5 cm. in depth. The lower pan is surrounded by a small gutter, or 
groove, into which the cover is fitted. This gutter catches the excess 
water of condensation which forms during incubation. The cover is 
in the form of a large dihedral angle and is provided with an extra lip 
which overlaps the gutter on all sides, thereby making the chances of 
contamination considerably less (Figs. 1, 2, and 3). The condensation 
on the cover is further provided against by fastening Chardin paper 
on the inner side by means of strips of tinned copper, which fit into suit- 
able flanges provided to hold the strips firmly in place. Eight of these 
pans were utilized for each harvest, giving a total agar surface of 
about 7400 sq. cm. 

A little difficulty was experienced at first in making up the medium. 
It was found that if the sterilization was carried out too long, the 
ammonium lactate was liable to decompose. The filtration of such 
a stiff agar in a short time also presented a problem. After several 
modifications in technic, the following was adhered to almost 
exclusively. 

One hundred grams of shred agar and 8 gm. of disodium phosphate 
were dissolved in 4 liters of distilled water by heating in the autoclave. 
(The constituents may be divided into 2 portions and dissolved in 2 
large Erlenmeyer flasks.) When completely in solution, the mixture 

s Ann. de l'Inst. Pasteur, 1909, 23, p. 547. 
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was filtered through glass wool and the reaction corrected to -f- 0.3 
(this reaction giving a most satisfactory final acidity). The filtration 
in this manner was very rapid. Five hundred cubic centimeters were 
then poured into each of 8 one-liter Erlenmeyer flasks (narrow mouth) 
each of which contained 5 gm. calcium carbonate. This addition of 




Fig. 1. Front view of the cover. 
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Fig. 2. Inside view of the cover (one-half the size of the other figures). 




Fig. 3. Cross-section of the gutter. 

carbonate is not absolutely essential and can be omitted if desired. Five 
grams of ammonium lactate were then added to each flask with shaking. 
After plugging, the flasks were sterilized in the autoclave for 15 min- 
utes at 12 pounds pressure. 

The pans which had been previously sterilized (the Chardin paper 
can be replaced by paper toweling, which is much cheaper and fully 
as efficient) were set on a level table and the media, after thorough 
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shaking, transferred to them with all aseptic precautions. The 
cover of the pan was raised only on one side and just enough to receive 
the mouth of the flask. Control experiments showed that contamina- 
tion was rare in this transference. After a lapse of 2 hours, the pans 
were cool and ready for inoculation. This was accomplished with a 
DeVilbiss atomizer in preference to swabbing, as better results were 
obtained with the former method in several trial experiments. For 
inoculation, a 24-hour culture in ordinary broth of B. coli [communis], 
isolated from human feces, was utilized. The culture was carefully 
transferred to a sterile atomizer and sprayed onto the surface of the 
medium by lifting the cover of the pan only a very little distance, like 
the opening of a hinge. The DeVilbiss atomizer has many advantages 
in that the nose can be pointed in any direction one desires to spray 
and can also be flamed, as it is constructed of metal. The air, which 
is filtered through a glass bulb filled with cotton or glass wool, draws the 
culture from the atomizer by suction instead of pressure. An essential 
advantage of this method is the introduction of such a very small 
amount of inoculating culture. Inasmuch as a protein-free medium is 
being used, it is highly desirable to introduce as little of the peptone 
medium as possible, and this is best overcome by the atomizer; Con- 
tamination took place only rarely by this method, and the growth was 
uniform and distributed all over the surface of the pan, altho only 5 c.c. 
were used for inoculation of about 930 sq. cm. of surface. The pans 
were then placed in the incubator and kept at 37 C. for from 9 to 10 
days. 

Many methods were tried for the collection of the growth. Leach* 
employed a glass rod with some sterile water and drew off the sus- 
pension thus formed by suction. Nicolle and Alilaire 3 used pieces 
of sterile cardboard handled with forceps. Neither of these methods 
seemed satisfactory to the author for obtaining a maximal yield, so 
recourse was had to an original procedure. A safety razor blade was 
improvised with a brass rod handle, which was soldered on. The blade 
was flamed and then carefully scraped across the medium at a definite 
slant so as not to break the surface of the agar. With a little practice, 
practically the entire growth can be removed without a trace of adher- 
ing media. The organisms were then dropped into 75% alcohol 
(4 parts of 95% alcohol to 1 part of water), and, after disintegration 
of any lumps, allowed to stand for 24 hours. In several experiments it 

* Jour. Biol. Chem., 1906, 1, p. 463. 
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was found that if a stronger alcohol was used, the cells tended to coagu- 
late into inconvenient masses which might be a source of error. On the 
other hand, a more dilute alcohol gave considerable trouble by greatly 
retarding the nitration. The cells-were filtered off by suction on a hard 
paper (C. S. & S. 975), washed once or twice with 95% alcohol, and 
dried in vacuo over sulfuric acid for 48 hours. The average yield 
obtained from 4 liters of medium, or 8 pans, was from 4.5 to 5 gm. of 
the pure dried cells. 

CONCLUSIONS 

A medium containing 2.5% agar, 1% ammonium lactate, and 0.2% 
disodium phosphate, with or without 1 % calcium carbonate-, was found 
to be the most satisfactory protein-free medium for the cultivation of 
B. coli. The absence of lactose greatly increased the efficiency of the 
culture medium. 

Inoculation of the media is best executed with a DeVilbiss atomizer, 
for the organism is spread evenly over the entire surface with the 
smallest amount of culture, and the chances of contamination are 
reduced to a minimum. 

In the collection of the bacteria the best results are obtained by 
scraping the surface of the agar with a sterile safety-razor blade and 
dropping the growth into 75% alcohol. 

The pans herein described are highly recommended for the cultiva- 
tion of bacteria in quantity, as they may be employed to advantage in 
any laboratory without much cost. 



